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(57) ABSTRACT

A light emitting element drive device with PWM dimming
includes an LED module, a power conversion circuit that
supplies electric power to the LED module, a dimming switch
element that performs an open/close operation for a path in
which a current flows in the LED module, and a voltage
detection circuit that detects a voltage value of a voltage that
is output from the power conversion circuit. When the dim-
ming switch element is turned ON, a control circuit performs
feedback control so as to make a current value of the current
closeto a firsttarget value. When the dimming switch element
is turned OFF, the control circuit performs feedback control
s0 as to make the voltage value close to a second target value.
Wherein, the first target value is a predetermined value and
the second target value is set based on the voltage value.

10 Claims, 3 Drawing Sheets
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1
LIGHT EMITTING ELEMENT DRIVE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2012-009052 filed Jan. 19, 2012 which is hereby
expressly incorporated by reference herein in its entirety.

BACKGROUND

The present invention relates to a light emitting element
drive device that drives a light emitting element, such as a
light emitting diode (LED). Specifically, the light emitting
element drive device performs pulse width modulation
(PWM) dimming.

Japanese Patent Publication No. 2005-142137 discloses an
LED lighting device. In the disclosed LED lighting device, a
current flowing in an LED module is detected. The LED
module is configured with a plurality of LEDs that are con-
nected in series. Then, an operation of a direct current (DC)
voltage conversion circuit is controlled so as to make the
detected current a constant value (a target current value). In
the circuit shown in FIG. 13 of Japanese Patent Publication
No. 2005-142137, dimming of the LED module is performed
by changing an ON-OFF ratio of a dimming switch element
thatis connected to the LED module in series. In the disclosed
circuit, because a current flows in the LED module only in the
case in which the dimming switch element is turned ON, the
above control, i.e., the current flowing in the LED module
becomes the target current value, is performed only when the
dimming switch element is turned ON.

However, the above conventional technology has the fol-
lowing problems. Even though the above control (the current
flowing in the LED module becomes the target current value)
is performed immediately after the dimming switch element,
whichis connected to the LED module in series, is turned ON,
it takes a certain period of time until the current actually
reaches the target current value. Therefore, before the current
reaches the target current value, a stable light output cannot be
obtained.

SUMMARY

An object of the present invention is to provide a light
emitting element drive device with PWM dimming in which
a period of time required to reach a target current value for a
current flowing in a light emitting element is shortened.

A light emitting element drive device according to one
aspect of the present invention includes: a light emitting ele-
ment; a power conversion circuit that supplies electric power
to the light emitting element; a dimming switch element that
performs an open and close operation for a path in which a
current flows in the light emitting element; a current detection
circuit that detects a current value of the current flowing in the
light emitting element; a voltage detection circuit that detects
a voltage value of a voltage that is output from the power
conversion circuit; and a control circuit that performs feed-
back control. When the dimming switch element is turned
ON, the control circuit performs the feedback control so as to
make the current value close to a first target value. The first
target value is a predetermined value. When the dimming
switch element is turned OFF, the control circuit performs the
feedback control so as to make the voltage value close to a
second target value. The second target value is set based on
the voltage value. Specifically, the second target value may be
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2

set based on the voltage value that is detected by the voltage
detection circuit while the dimming switch element is turned
ON.

In the light emitting element drive device according to the
above aspect, constant current control for the light emitting
element is performed so as to make the current value of the
current flowing in the light emitting element close to the
predetermined first target value while the dimming switch
element is turned ON. In contrast, control is performed so as
to make the voltage value output from the power conversion
circuit close to the second target value while the dimming
switch element is turned OFF. Because the second target
value is set based on the voltage value detected by the voltage
detection circuit while the dimming switch element is turned
ON, an output voltage from the power conversion circuit
while the dimming switch element is turned OFF depends on
an output voltage from the power conversion circuit while the
dimming switch element is turned ON. Therefore, when the
dimming switch is turned ON, the current value detected by
the current detection circuit can reach the predetermined first
target value as fast as possible. As a result, in the light emitting
element drive device with the PWM dimming, a period of
time required to reach a target current value for the current
flowing in the light emitting element is shortened.

Further in the light emitting element drive device accord-
ing to the above aspect, the second target value is set based on
the voltage value that is detected by the voltage detection
circuit when the current value is substantially the same as the
first target value.

As discussed above, it is preferred that while the dimming
switch element is turned ON, specifically under a condition in
which the current value detected by the current detection
circuit is substantially the same as the first target value, the
second target value is set based on the voltage value that is
detected by the voltage detection circuit. Therefore, an output
voltage from the power conversion circuit while the dimming
switch element is turned OFF is maintained at the same volt-
age as an output voltage from the power conversion circuit
while the dimming switch element is turned ON. As a result,
when the dimming switch element is turned ON, the current
value detected by the current detection circuit can immedi-
ately reach the first target value. Therefore, a period of time
required to reach the first target value for the current flowing
in the light emitting element is certainly shortened.

Instead of performing the above features, the second target
value may be set based on the voltage value that is detected by
the voltage detection circuit immediately before the light
emitting element is turned OFF.

As discussed above, it is preferred that in the case in which
the second target value is set based on the voltage value that is
detected by the voltage detection circuit immediately before
the light emitting element is turned OFF, even though it is not
determined whether the current value detected by the current
detection circuit is substantially the same as the first target
value while the dimming switch element is turned ON, the
following can be realized. An output voltage from the power
conversion circuit while the dimming switch element is
turned OFF is maintained at the same voltage as an output
voltage from the power conversion circuit while the dimming
switch element is turned ON. As a result, when the dimming
switch element is turned ON, the current value detected by the
current detection circuit can immediately reach the first target
value. Therefore, a period of time required to reach the first
target value for the current flowing in the light emitting ele-
ment is certainly shortened.

A light emitting element drive device according to another
aspect of the present invention includes: a light emitting ele-
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ment; a power conversion circuit that supplies electric power
to the light emitting element; a dimming switch element that
performs an open/close operation for a path in which a current
flows in the light emitting element; a first voltage detection
circuit that detects a first voltage value of a first voltage of an
input terminal of the dimming switch element; a second volt-
age detection circuit that detects a second voltage value of a
second voltage that is output from the power conversion cir-
cuit; and a control circuit that performs feedback control.
When the dimming switch element is turned ON, the control
circuit performs feedback control so as to make the first
voltage value close to a first target value. The first target value
is a predetermined value. When the dimming switch element
is turned OFF, the control circuit performs feedback control
s0 as to make the second voltage value close to a second target
value. The second target value is set based on the second
voltage value. Specifically, the second target value is set
based on the second voltage value that is detected by the
second voltage detection circuit while the dimming switch
element is turned ON.

In the light emitting element drive device according to the
above aspect, control for the light emitting element is per-
formed so as to make the first voltage value of the first voltage
of the input terminal of the dimming switch element close to
the predetermined first target value while the dimming switch
element is turned ON. In contrast, control is performed so as
to make the second voltage value output from the power
conversion circuit close to the second target value while the
dimming switch element is turned OFF. Because the second
target value is set based on the second voltage value detected
by the second voltage detection circuit while the dimming
switch element is turned ON, an output voltage from the
power conversion circuit while the dimming switch element
is turned OFF depends on an output voltage from the power
conversion circuit while the dimming switch element is
turned ON. Therefore, when the dimming switch is turned
ON, the first voltage value of the first voltage of the input
terminal of the dimming switch element can reach the prede-
termined firsttarget value as fast as possible. As aresult, in the
light emitting element drive device with the PWM dimming,
a period of time required to reach the target current value for
the current flowing in the light emitting element is shortened.

As discussed above, it is preferred that the light emitting
element drive device further includes a resistor that is con-
nected to an output terminal of the dimming switch element
and an adjustment circuit that adjusts a third voltage applied
to a control terminal of the dimming switch element so as to
make a third voltage value of the third voltage close to a third
target value.

As mentioned above, a voltage value, which corresponds to
a current value of a current flowing in the light emitting
element, of an output terminal of the dimming switch element
can be close to the third target value by only adding the
adjustment circuit. This control is independent from the feed-
back control by the control circuit.

Further, in the light emitting element drive device accord-
ing to the above aspect, the control circuit further includes: a
conversion circuit that performs a conversion operation in
which the voltage value, which is detected by either of the
voltage detection circuit or the second voltage detection cir-
cuit, is converted to a digital value; and a retaining circuit that
retains the digital value output from the conversion circuit as
a retained digital value. The conversion circuit repeats the
conversion operation in a predetermined cycle so that a new
digital value is output after a previous digital value is output.
When the conversion circuit outputs the new digital value
while the dimming switch element is turned ON, the retaining
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circuit exchanges the previous digital value with the new
digital value. When the conversion circuit outputs the new
digital value while the dimming switch element is turned
OFF, the retaining circuit retains the previous digital value. It
is preferred that the control circuit determines that the
retained digital value is used as the second target value.

As discussed above, it is preferred that the detected current
value or the voltage value of the input terminal of the dim-
ming switch element can reach the predetermined first target
value when the dimming switch element is turned ON the
next time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a light emitting element drive
device according to a first embodiment of the present inven-
tion.

FIG. 2 is atiming diagram of each configuration of the light
emitting element drive device shown in FIG. 1.

FIG. 3 is a circuit diagram of a light emitting element drive
device according to a second embodiment of the present
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

A light emitting element drive device according to embodi-
ments of the present invention will be explained below with
reference to the drawings.

FIG. 1 shows a light emitting element drive device 1
according to a first embodiment of the present invention. The
light emitting element drive device 1 is configured with a
converter 2 that is an object to be controlled, a voltage detec-
tion circuit 3, a dimming switch element 2, a current detec-
tion circuit 5 and a microprocessor 6.

The converter 2 converts a direct current input voltage Vin,
which is applied between input terminals +Vi and -Vi, to a
direct current output voltage Vout and supplies the direct
current output voltage Vout to output terminals +Vo and —Vo.
An LED module part 7, to which a plurality of LEDs 7A, 7B,
7C,7D ... 7N are connected in series, is connected between
the output terminals +Vo and —Vo as a load. The converter 2 is
configured with a step-up chopper circuit in order to convert
the input voltage Vin into the output voltage Vout that is
higher than the input voltage Vin. The step-up chopper circuit
includes a choke coil L1, a switching element Q1, a diode D1,
and a capacitor C1. Specifically, a series circuit of the choke
coil L1 and the switching element Q1 is connected between
the input terminals +Vi and —Vi. A series circuit of the diode
D1 and the capacitor C1 is connected between both terminals
of the switching element Q1. A series circuit of the LED
module part 7, the dimming switch element Q2 and a resistor
R3 that configures the current detection circuit 5 is connected
to both terminals of the capacitor C1 in which the output
voltage Vout is generated. The switching element Q1 and the
dimming switch element Q2 are N channel MOSFETs (Metal
Oxide Semiconductor Field Effect Transistor). However, the
switching element Q1 and the dimming switch element Q2
are not limited to this structure and may be a semiconductor
element with a control terminal, such as a bipolar transistor.

The voltage detection circuit 3 detects the output voltage
Vout from the converter 2. The voltage detection circuit 3 is
configured by connecting a series circuit of resistors R1, R2
for dividing a voltage between the terminals of the capacitor
C1. An analog detection signal S2 having a voltage value that
is divided the output voltage Vout is generated at a node
between the resistors R1 and R2.
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The current detection circuit 5 detects a current Iout flow-
ing through the LED module part 7. The current detection
circuit 5 is configured with the resistor R3 as a current detec-
tor. A series circuit of the dimming switch element Q2 and the
resistor R3 is connected between the output terminal —Vo and
a ground potential. A PWM dimming signal S1 from outside
is provided to a gate that is a control terminal of the dimming
switch element Q2. As a result, while at least the dimming
switch element Q2 is turned ON, an analog detection signal
S3 having a voltage value, which is in proportion to the
current lout that flows through the LED module part 7, is
generated between both terminals of the resister R3. A current
detector is not limited to the resistor R3. A current trans-
former, which has a smaller loss, may be used.

The dimming switch element Q2 has the gate that corre-
sponds to the above control terminal, a drain as an input
terminal into which the current Iout flows from the LED
module part 7 and a source as an output terminal from which
the current lout flows out. The dimming switch element Q2
turns ON when the PWM dimming signal S1 is at a high
(H)-level. The dimming switch element Q2 turns OFF when
the PWM dimming signal S1 is at a low (L)-level. Thus, the
dimming switch element Q2 performs an open/close opera-
tion for a path of the current lout that flows through the LED
module part 7.

The microprocessor 6 that corresponds to a digital control
circuit calculates a control command value, which is for con-
trolling an operation of the converter 2, by digital arithmetic.
The microprocessor 6 includes a MUX 11, an ADC (analog-
to-digital converter) 12, a reference power supply 13, an I/O
(input output) unit 14, a CPU (central processing unit) 15 and
a PWM (pulse width modulation) unit 16.

After the MUX 11 receives a selection control signal from
the CPU 15 discussed later, the MUX 11 that corresponds to
a multiplexer alternately outputs one of the following two
voltage values: a voltage value of the detection signal S2 from
the voltage detection circuit 3 and a voltage value of the
detection signal S3 from the current detection circuit 5.

The ADC 12 corresponds to an analog-digital converter, in
which the voltage value of the detection signal S2 or the
voltage value of the detection signal S3 that are output from
the MUX 11 is converted into an digital value.

The reference power supply 13 generates a reference signal
as a reference voltage that is used when the ADC 12 converts
an analog value into a digital value.

The I/O unit 14 corresponds to an input and output circuit
that outputs a digital value from the ADC 12 and the PWM
dimming signal S1 from outside to a latter part of the CPU 15.

The CPU 15 uses a voltage value of the detection signal S3
from the current detection circuit 5 as a control input value
when the PWM dimming signal S1 is at the H-level, that is,
when the dimming switch element Q2 is turned ON based on
each output from the 1/O unit 14. Further, The CPU 15 gen-
erates a control command value for determining a duty ratio
of a pulse driving signal that is provided to the gate of the
switching element Q1 based on the control input value. On the
other hand, when the PWM dimming signal S1 is at the
L-level, that is, when the dimming switch element Q2 is
turned OFF, the CPU 15 uses the voltage value of the detec-
tion signal S2 from the voltage detection circuit 3 as the
control input value. The CPU 15 corresponds to an arithmetic
processing part that generates the control command value for
determining a duty ratio of the pulse driving signal that is
provided to the gate of the switching element Q1 based on the
control input value. The switching of control by the CPU 15
is performed based on a signal level of the PWM dimming
signal S1 that is input to the I/O port 14.
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The PWM unit 16 generates a pulse driving signal of a duty
ratio that is based on a control command value that is calcu-
lated in the CPU 15. Further, the PWM unit 16 provides the
pulse driving signal to the gate that is a control terminal of the
switching element Q1.

The PWM dimming signal S1 is respectively applied to the
1/O unit 14 and the gate of the dimming switch element Q2
from a dimming input terminal VPWM of the light emitting
element drive device. Because a duty ratio of the PWM dim-
ming signal S1 is changed, the PWM dimming signal S1 can
vary an effective current that flows through each of the LEDs
7A, 7B, 7C, 7D . . . 7IN. A dimming control for the LED
module part 7 is performed. Note that a frequency of the
PWM dimming signal S1 is high enough so that a light flicker
of the LED module part 7 is not noticeable. In addition, the
frequency of the PWM dimming signal S1 is lower than the
pulse driving signal from the PWM unit 16.

Next, functions of the above configuration are explained
with reference to a timing diagram of each part shown in FI1G.
2. In FIG. 2, the top most one is the PWM dimming signal S1
followed by the detection signal S2 of the output voltage Vout,
the detection signal S3 of the current Tout, a A/D conversion
time of the detection signal S2 in the ADC 12, a A/D conver-
sion time of the detection signal S3 in the ADC 12, the control
command value that is generated by the CPU 15, and the
control input value that is used in the CPU 15.

When the pulse driving single S5 is provided to the gate of
the switching element Q1 from the microprocessor 6, the
switching element Q1 repeats ON and OFF operations. When
the switching element Q1 is turned ON, the diode D1 is in an
OFF state because the input voltage Vin is applied to the
choke coil 1. Then a discharge voltage, as an output voltage
Vout, of the smoothing capacitor C1 is supplied to the LED
module part 7 from the converter 2. When the switching
element Q1 is turned OFF, the diode D1 is in an ON state
because a reverse voltage of the choke coil L1 is overlapped
with the input voltage Vin. Then, the output voltage Vout that
is higher than the input voltage Vin is supplied to the LED
module part 7 from the converter 2 and at the same time the
capacitor C1 is charged through the diode D1.

Further, according to the above embodiment, the PWM
dimming signal S1 that is input from outside of the light
emitting element drive device 1 can control an ON and OFF
operation of the dimming switch element Q2 that is con-
nected to the LED module part 7 in series. Therefore, by
changing the duty ratio of the PWM dimming signal S1, the
effective current that flow through the LED module part 7 is
changed. As a result, dimming control for the LED module
part 7 can be performed.

The output voltage Vout from the converter 2 is monitored
by the voltage detection circuit 3. The voltage detection cir-
cuit 3 provides the detection signal S2 corresponding to a
voltage value that is obtained by dividing a voltage value of
the output voltage Vout by the resistors R1, R2 to the MUX 11
of the microprocessor 6.

Further, the current lout that flows through the LED mod-
ule part 7 is monitored by the current detection circuit 5. The
current detection circuit 5 provides the detection signal S3 to
the MUX 11 of the microprocessor 6 while the PWM dim-
ming signal S1 is at the H-level, that is, while the dimming
switch element Q2 is turned ON. The detection signal S3 is in
proportion to a current value of the current Iout that is gener-
ated between both ends of the resistor R3. Therefore, when a
frequency of the PWM dimming signal S1 is, for example,
500 Hz, a frequency of the detection signal S3 that is provided
to the MUX 11 also becomes 500 Hz.
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The MUX 11 alternately outputs one of a voltage value of
the detection signal S2 from the voltage detection circuit 3
and a voltage value of the detection signal S3 from the current
detection circuit 5 of a predetermined frequency that is higher
than a frequency of the PWM dimming signal S1 (for
example, it is 30 kHz) according to a selection control signal
from the CPU 15. The ADC 12 converts an analog voltage
value of the detection signal S2 or an analog voltage value of
the detection signal S3 from the MUX 11 into a digital value
by using a reference voltage from the reference power supply
13.

When the PWM dimming signal S1 that is input through
the 1/O unit 14 is at the H-level, the CPU 15 determines that
the dimming switch element Q2 that is connected to the LED
module part 7 in series is turned ON. On the other hand, when
the PWM dimming signal S1 is at the L-level, the CPU 15
determines that the dimming switch element Q2 is turned
OFF. Further, while the dimming switch element Q2 is turned
ON, the CPU 15 performs feedback control so as to make the
current value of the current lout that flows through the LED
module part 7 close to a predetermined first target current
value. On the other hand, while the dimming switch element
Q2 is turned OFF, the CPU 15 performs feedback control so
as to make the voltage value of the output voltage Vout that is
output from the converter 2 close to a predetermined second
target voltage value.

That is, a voltage value of the detection signal S3 from the
current detection circuit 5 is used as a control input value
while the dimming switch element Q2 is turned ON. There-
after, a control command value that makes the control input
value close to the first target value (an internal setting value
predetermined inside the CPU 15) is provided to the PWM
unit 16 from the CPU 15. As a result, a pulse width of a pulse
driving signal that is provided to the gate of the switching
element Q1 is controlled. On the other hand, while the dim-
ming switch element Q2 is turned OFF, the control command
value that makes the voltage value of the detection signal S2
from the voltage detection circuit 3 close to the second target
value is provided to the PWM 16 from the CPU 15. As a
result, a pulse width of a signal that is provided to the gate of
the switching element Q1 is controlled.

A voltage value of the detection signal S3 from the current
detection circuit 5 corresponds to a current value of the cur-
rent lout that flows through the LED module part 7. While the
dimming switch element Q2 is turned ON, the feedback con-
trol that makes the voltage value close to a voltage value,
which corresponds to a predetermined target current value, is
performed. On the other hand, the voltage value of the detec-
tion signal S2 from the voltage detection circuit 3 is a voltage
value that is obtained by dividing the output voltage Vout
from the converter 2 and that is in proportion to the output
voltage Vout of the converter 2. In the present embodiment,
while the dimming switch element Q2 is turned ON, the
voltage value, which is obtained as a digital value by convert-
ing the detection signal S2 from the voltage detection circuit
3, is retained in the CPU 15. While the dimming switch
element Q2 is turned OFF, feedback control is performed
based on the voltage value of the detection signal 2 by con-
figuring the retained voltage value of the detection signal S2
as the second target value.

Further, the ADC 12 repeats an A/D conversion process at
apredetermined cycle and outputs a new digital voltage value
every time the A/D conversion process is finished. When a
new digital voltage value is output from the ADC 12 while the
dimming switch element Q2 is turned ON, the CPU 15 retains
the new digital voltage value instead of a previously retained
digital voltage value (For example, the CPU 15 retains itin a
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resistor or a memory circuit in the CPU 15). On the other
hand, when the new digital voltage value is output from the
ADC 12 while the dimming switch element Q2 is turned OFF,
the CPU 15 keep retaining a currently retained digital voltage
value. Therefore, the CPU 15 retains a digital voltage value,
which is obtained immediately before the dimming switch
element Q2 is switched from an ON state to an OFF state,
until the dimming switching element Q2 is turned ON the
next time.

The output voltage Vout of the converter 2 while the dim-
ming switch element Q2 is turned OFF is maintained at the
same voltage value as the output voltage Vout of the converter
2 while the dimming switch element Q2 is turned ON. There-
fore, immediately after the dimming switch element Q2 is
turned ON the next time, a voltage value of the detection
signal S3 from the current detection circuit 5 can reach the
predetermined first target value.

The second target value is updated at every cycle of turning
ON and OFF of the dimming switch element Q2. That is,
while the dimming switch element Q2 is turned OFF, the
second target value for the voltage value of the detection
signal S2 from the voltage detection circuit 3 is configured
based on the voltage value of the detection signal S2 that is
detected immediately before the current state, i.e., at the time
in which the dimming switch element Q2 is previously turned
ON. While the dimming switch element Q2 is turned ON, it is
preferred that a time for detecting the voltage value of the
detection signal S2 in order to configure the second target
value is after a voltage value of the detection signal S3 from
the current detection circuit 5 reaches the first target value.
That is, it is preferred for detecting the voltage value of the
detection signal S2 when a voltage value of the detection
signal S3 nearly corresponds to (is substantially the same as)
the first target value. Therefore, it is the most preferred that
the time for detecting the voltage value of the detection signal
S2 is immediately before the dimming switch element Q2 is
turned OFF. This is because, in most cases, at this time, the
above condition in which a voltage value of the detection
signal S3 from the current detection circuit 5 nearly corre-
sponds to (is substantially the same as) the first target value is
satisfied.

As explained above, in the present embodiment, the light
emitting element drive device 1 is configured with the con-
verter 2 as a power conversion circuit and the dimming switch
element Q2. The converter 2 provides electric power to each
of LEDs 7A, 7B, 7C, 7D ... 7N of the LED module part 7 that
are light emitting elements. The dimming switch element Q2
opens and closes a path of the current Iout that flows through
the LED module part 7. Further, the light emitting element
drive device 1 is provided with the current detection circuit 5,
the voltage detection circuit 3 and the microprocessor 6. The
current detection circuit § detects a current value of the cur-
rent lout that flows through the light emitting elements. The
voltage detection circuit 3 detects a voltage value of the
output voltage Vout that is output from the converter 2. The
microprocessor 6 is a control circuit that performs feedback
control so that a current value of the current lout detected by
the current detection circuit 5 approaches the first target value
while the dimming switch element Q2 is turned ON. The
control circuit also performs feedback control so that a volt-
age value of the output voltage Vout detected by the voltage
detection circuit 3 approaches the second target value while
the dimming switch element Q2 is turned OFF. The first target
value is a predetermined value that is determined inside the
microprocessor 6 in advance. The second target value is set
based on a voltage value of the output voltage Vout that is
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detected by the voltage detection circuit 3 while the dimming
switch element Q2 is turned ON in the microprocessor 6.

As aresult, while the dimming switch element Q2 is turned
ON, a constant current control of the LED module part 7 is
performed in such a way in which a current value of the
current lout that flows through the LED module part 7
approaches the predetermined first target value. On the other
hand, while the dimming switch element Q2 is turned OFF,
control of the LED module part 7 is performed in such a way
in which a voltage value of the output voltage Vout that is
output from the converter 2 approaches the second target
value. The second target value is set based on the voltage
value of the output voltage Vout detected by the voltage
detection circuit 3 while the dimming switch element Q2 is
turned ON. Therefore, the output voltage Vout of the con-
verter 2 while the dimming switch element Q2 is turned OFF
depends on the output voltage Vout of the converter 2 while
the dimming switch element Q2 is turned ON. As a result, it
can be realized that while the dimming switch element Q2 is
turned ON, the current value of the current lout detected by
the current detection circuit 5 can reach the predetermined
first target value as soon as possible. Thus, it can also be
realized that a period of time for which the current Iout that
flows through the LED module part 7 reaches the first target
value as a target current value shortens in light emitting ele-
ment drive device 1 that uses the PWM dimming.

Desirably, when the current value of the current lout
detected by the current detection circuit 5 nearly corresponds
to (is substantially the same as) the first target value while the
dimming switch element Q2 is turned ON, the second target
value is set based on the voltage value of the output voltage
Vout detected by the voltage detection circuit 3 in the micro-
processor 6.

In this case, while the dimming switch element Q2 is
turned ON, specifically under a condition in which the current
value of the current Iout detected by the current detection
circuit 5 nearly corresponds to (is substantially the same as)
the first target value, the second target value is set based on the
voltage value of the output voltage Vout detected by the
voltage detection circuit 3. Therefore, the output voltage Vout
of the converter 2 while the dimming switch element Q2 is
turned OFF is maintained at the same voltage value as the
output voltage Vout of the converter 2 while the dimming
switch element Q2 is turned ON. Therefore, when the dim-
ming switch element Q2 is turned ON, the current value of the
current lout detected by the current detection circuit 5 can
immediately reach the predetermined first target value. As a
result, a period of time required to reach the first target value
for the current lout flowing in the LED module part 7 can
certainly be shortened.

Instead of performing the above features, the microproces-
sor 6 may be configured such that the second target value is set
based on the voltage value detected by the voltage detection
circuit 3 immediately before the dimming switch element Q2
is turned OFF.

Immediately before the dimming switch element Q2 is
turned OFF, in almost all cases, a current value of the current
ITout detected in the current detection circuit 5 nearly corre-
sponds to (is substantially the same as) the first target voltage.
Therefore, in the case in which the second target value is set
based on a voltage value detected by the voltage detection
circuit 3 immediately before the dimming switch element Q2
is turned OFF, even though it is not determined whether the
current value of the current lout detected by the current detec-
tion circuit 5 nearly corresponds to (is substantially the same
as) the first target value while the dimming switch element Q2
is turned ON, the following can be realized. An output voltage
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Vout of the converter 2 while the dimming switch element Q2
is turned OFF can be maintained at the same voltage as an
output voltage Vout of the converter 2 while the dimming
switch element Q2 is turned ON. Thus, a period of time
required to reach the first target value for the current lout
flowing in the LED module part 7 can certainly be shortened.
Further, the microprocessor 6 according to the present
embodiment includes the ADC 12 and the CPU 15. The ADC
12 is a conversion circuit that converts a voltage value of the
output value Vout detected by the voltage detection circuit 3
into a digital value. The CPU 15 is a retaining circuit that
retains the digital value that is output from the ADC 12. The
ADC 12 repeats a conversion process at a predetermined
cycle. When a new digital value is output from the ADC 12
while the dimming switch element Q2 is turned ON, the CPU
15 replaces the retained previous digital value with such the
new digital value. When the new digital value is output from
the ADC 12 while the dimming switch element Q2 is turned
OFF, the CPU 15 operates to keep retaining the retained
previous digital value. The microprocessor 6 uses the digital
value that is retained in the CPU 15 as the second target value.
As aresult, immediately after the dimming switch element
Q2 is turned ON the next time, a voltage value of the detection
signal S3 from the current detection circuit 5 can reach the
predetermined first target value.
Next, a light emitting element drive device 1 according to
a second embodiment of the present invention is explained
with reference to FIG. 3. In the present embodiment, the light
emitting element drive device 1 includes another voltage
detection circuit that detects a voltage value of a drain that is
an input terminal of the dimming switch element Q2 and a
voltage detection line 21. One end of the voltage detection
line 21 is connected to the drain of the dimming switch
element Q2. Another end of the voltage detection line 21 is
connected to an input terminal of the MUX 11. Further, the
light emitting element drive device 1 has an operational
amplifier 22, a switching unit 23 and a reference power supply
24. Specifically, the operational amplifier 22 drives the dim-
ming switch element Q2. The switching unit 23 is switched
according to a signal level of the PWM dimming signal S1
and is equivalently shown as a switch in FIG. 3. The reference
power supply 24 determines an If command value that is a
target value for the current Iout that flows through the LED
module part 7. The analog detection signal S3 from the cur-
rent detection circuit 5 is applied to an inverting input termi-
nal that is another input terminal of the operational amplifier
22, notto the MUX 11. The other components are in common
with the components of the light emitting element drive
device 1 according to the first embodiment shown in FIG. 1.
In the circuit shown in FIG. 3, when a signal level of the
PWM dimming signal S1 is at the H-level, the If command
value that is generated by the reference power supply 24 is
input to a non-inverting input terminal, which is the other
input terminal of the operational amplifier 22, as a voltage
value that indicates a target value of the current Iout flowing
through the LED module part 7. In contrast, the signal level of
the PWM dimming signal S1 is at the L-level, a ground
voltage (0V) is input to the non-inverting input terminal of the
operational amplifier 22. Therefore, when a signal level of the
PWM dimming signal S1 is at the H-level, the operational
amplifier 22 controls the operation of the dimming switch
element Q2 so that a current value of the current lout flowing
in each of LEDs 7A, 7B, 7C, 7D . . . 7N of the LED module
part 7 approaches the If command value that is a third target
value. On the other hand, when a signal level of the PWM
dimming signal S1 is at the L-level, the operational amplifier
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22 makes the dimming switch element Q2 be in an OFF state
by making a signal level of the gate of the dimming switch
element Q2 be at the L-level.

According to the second embodiment, an ON and OF
operation of the dimming switch element Q2 can be con-
trolled through the switching unit 23 and the operational
amplifier 22 by the PWM dimming signal S1 provided from
outside of the light emitting element drive device 1. Thus, an
effective current flowing in the LED module part 7 is changed
by varying a duty ratio of the PWM dimming signal S1. As a
result, a dimming ofthe LED module part 7 can be performed.

The MUX 11 that configures the microprocessor 6 alter-
nately outputs one of the detection signal S2 from the voltage
detection circuit 3 and a detection signal S4 from the voltage
detection line 21 that shows a voltage value of the drain of the
dimming switch element Q2 by receiving a selection control
signal from the CPU 15. Regarding a signal level of the
detection signal S4, a voltage value of the detection signal S4
becomes higher when the PWM dimming signal S1 is at the
L-level as compared to when the PWM dimming signal S1 is
at the H-level. This is because the current Iout that flows
through the LED module part 7 becomes weak and a voltage
drop ofthe LEDs 7A, 7B, 7C, 7D . . . 7N becomes small when
the PWM dimming signal S1 is at the L-level. That is, in the
circuit shown in FIG. 3, the voltage value of the detection
signal S4 is a value that is obtained by subtracting a voltage
drop Vf of LEDs 7A, 7B, 7C, 7D . . . 7N from an output
voltage Vout (i.e., Vout-V{). When the PWM dimming signal
S1 is at the L-level, the voltage value of the detection signal
S4 increases because the voltage drop VI becomes smaller
compared with a state in which the PWM dimming signal S1
is at the H-level (the voltage drop Vfbecomes larger). Then,
ananalog voltage value of the detection signal S2 or an analog
voltage value of the detection signal S4 from the MUX 11 is
converted to a digital voltage value. The converted digital
voltage value is provided from the I/O unit 14 to the CPU 15
along with the PWM dimming signal S1 from outside.

While the dimming switch element Q2 is turned ON, that
is, when a current flows through the LED module part 7, the
CPU 15 performs feedback control so that a voltage value of
the drain of the dimming switch element Q2 appears to
approach the predetermined first target value. On the other
hand, while the dimming switch element Q2 is turned OFF,
that is, when the current does not flow through the LED
module part 7, the CPU 15 performs feedback control so that
the voltage value of the output voltage Vout appears to
approach the second target value.

Specifically, while the dimming switch element Q2 is
turned ON, a voltage value of the detection signal S4 from the
voltage detection line 21 is used as a control input value.
Thereatfter, a control command value that makes the control
input value close to the first target value (an internal setting
value predetermined inside the CPU 15) is provided to the
PWM unit 16 from the CPU 15. As a result, a pulse width of
a pulse driving signal that is provided to the gate of the
switching element Q1 is controlled. On the other hand, while
the dimming switch element Q2 is turned OFF, the control
command value that makes the voltage value of the detection
signal S2 from the voltage detection circuit 3 close to the
second target value is provided to the PWM 16 from the CPU
15. As a result, a pulse width of a signal that is provided to the
gate of the switching element Q1 is controlled. In the present
embodiment, while the dimming switch element Q2 is turned
ON, the voltage value of the detection signal S2 from the
voltage detection circuit 3 is retained inside the CPU 15.
While the dimming switch element Q2 is turned OFF, the
feedback control, in which the retained voltage value of the
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detection signal S2 is set as the second target value, based on
the voltage value of the detection signal S2 is performed.

The output voltage Vout of the converter 2 while the dim-
ming switch element Q2 is turned OFF is maintained at the
same voltage value as the output voltage Vout of the converter
2 while the dimming switch element Q2 is turned ON. There-
fore, immediately after the dimming switch element Q2 is
turned ON the next time, a voltage value of the drain of the
dimming switch element Q2 can reach the predetermined first
target value.

In the second embodiment, while the dimming switch ele-
ment Q2 is turned ON, it is preferred that a time for detecting
the voltage value of the detection signal S2 in order to con-
figure the second target value is after a voltage value of the
drain of the dimming switch element Q2 reaches the first
target value. That is, it is preferred for detecting the voltage
value of the detection signal S2 when a voltage value of the
detection signal S4 nearly corresponds to (is substantially the
same as) the first target value. Therefore, when a time for
detecting the voltage value of the detection signal S2 is con-
figured immediately before the dimming switch element Q2
is turned OFF, the voltage value of the detection signal S4
from the voltage detection line 21 can nearly correspond to (is
substantially the same as) the first voltage value.

As discussed above, the light emitting element drive device
1 according to the second embodiment includes the voltage
detection line 21, the voltage detection circuit 3 and the
microprocessor 6. Specifically, the voltage detection line 21 is
a first voltage detection circuit that detects a voltage value of
the drain that is an input terminal of the dimming switch
element Q2. The voltage detection circuit 3 detects a voltage
value of the output voltage Vout that is output from the con-
verter 2. The microprocessor 6 performs feedback control so
that a voltage value of the drain of the dimming switch ele-
ment Q2, which is detected by the voltage detection line 21,
appears to approach the first target value while the dimming
switch element Q2 is turned ON. The microprocessor 6 also
performs feedback control so that a voltage value of the
output voltage Vout, which is detected by the voltage detec-
tion circuit 3, appears to approach the second target value
while the dimming switch element Q2 is turned OFF. The first
target value is a predetermined value. The microprocessor 6 is
configured such that the second target value is set based on a
voltage value of the output voltage Vout that is detected by the
voltage detection circuit 3 while the dimming switch element
Q2 is turned ON.

That is, while the dimming switch element Q2 is turned
ON, the LED module part 7 is controlled in such a way in
which a voltage value of the drain of the dimming switch
element Q2 appears to approach the predetermined first target
value. On the other hand, while the dimming switch element
Q2 is turned OFF, the LED module part 7 is controlled in such
away in which a voltage value of the output voltage Vout that
is output from the converter 2 appears to approach the second
target value. The second target voltage is set based on the
voltage value of the output voltage Vout that is detected by the
voltage detection circuit 3 while the dimming switch element
Q2 is turned ON. Therefore, the output voltage Vout of the
converter 2 while the dimming switch element Q2 is turned
OFF depends on the output voltage Vout of the converter 2
while the dimming switch element Q2 is turned ON. As a
result, it can be realized that while the dimming switch ele-
ment Q2 is turned ON, the voltage value of the drain of the
dimming switch element Q2 can reach the predetermined first
target value as soon as possible. Thus, in the light emitting
element drive device 1 in which the PWM dimming is used, it
can also be realized that a period of time for which the current
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Iout that flows through the LED module part 7 reaches a target
current value can be shortened.

It is also preferred that the light emitting element drive
device 1 additionally includes the resistor R3, the operational
amplifier 22 and the reference power supply 24. The resistor
R3 is a resistor element that is connected to the source that is
an output terminal of the dimming switch element Q2. The
operational amplifier 22 as an adjustment circuit adjusts a
voltage that is applied to a control terminal of the dimming
switch element Q2 so as to make the voltage value, which is
detected by the resistor R3, of the source of the dimming
switch element Q2 close to the If command value as the third
target value.

As aresult, by only adding the operational amplifier 22 as
the adjustment circuit and the reference power supply 24 and
by being independent from the feedback control by the micro-
processor 6, a voltage value of the source of the dimming
switch element Q2, that corresponds to a current value of the
current lout flowing through the LED module part 7, can
approach the If command value of the reference power supply
24 that is set as the third target value.

Further, the microprocessor 6 according to the present
embodiment includes the ADC 12 and the CPU 15. Specifi-
cally, the ADC 12 is a conversion circuit that converts a
voltage value of the output voltage Vout that is detected by the
voltage detection circuit 3 into a digital value. The CPU 15 is
a retaining circuit that retains the digital value that is output
from the ADC 12. The ADC repeats a conversion process at a
predetermined cycle. When a new digital value is output from
the ADC 12 while the dimming switch element Q2 is turned
ON, the CPU 15 replaces the retained pervious digital value
with such the new digital value. When the new digital value is
output from the ADC 12 while the dimming switch element
Q2 is turned OFF, the CPU 15 operates to keep retaining the
retained previous digital value. The microprocessor 6 uses the
digital value that is retained in the CPU 15 as the second target
value.

As a result, immediately after the dimming switch element
Q2 is turned ON the next time, a voltage value of the detection
signal S3 of the drain of the dimming switch element Q2 can
reach the predetermined first target value.

Embodiments according to the present invention have been
explained. However, the present invention should not be lim-
ited to the embodiments because those embodiments are
examples for explaining the present invention. Undoubtedly,
several modifications may be made without departing from
the spirit and scope of the invention. For example, the con-
verter 2 is not limited to the step-up chopper circuit as shown
in the drawings. The converter 2 can be a converter with any
circuit configuration with one or more switching elements. In
addition, signal levels and logic states of each of the disclosed
elements may be different from those actually discussed in
the embodiments so as to achieve the same effects. Further, a
single LED as a light emitting element may be used instead of
the LED module part 7 including the plurality of LEDs 7A,
7B,7C,7D,...7N.

The light emitting element drive device being thus
described, it will be apparent that the same may be varied in
many ways. Such variations are not to be regarded as a depar-
ture from the spirit and scope of the invention, and all such
modifications as would be apparent to one of ordinary skill in
the art are intended to be included within the scope of the
following claims.

What is claimed is:
1. A light emitting element drive device, comprising:
a light emitting element;
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a power conversion circuit that supplies electric power to
the light emitting element;

a dimming switch element that performs an open/close
operation for a path in which a current flows in the light
emitting element;

a current detection circuit that detects a current value of the
current flowing in the light emitting element;

a voltage detection circuit that detects a voltage value of a
voltage that is output from the power conversion circuit;
and

a control circuit that performs feedback control, wherein

when the dimming switch element is turned ON, the con-
trol circuit performs feedback control so as to make the
current value close to a first target value, and the first
target value is a predetermined value,

when the dimming switch element is turned OFF, the con-
trol circuit performs the feedback control so as to make
the voltage value close to a second target value, and the
second target value is set based on the voltage value, and

the second target value is set based on the voltage value that
is detected by the voltage detection circuit while the
dimming switch element is turned ON.

2. The light emitting element drive device according to

claim 1, wherein

the control circuit further comprises:

a conversion circuit that performs a conversion opera-
tion in which the voltage value is converted to a digital
value; and

a retaining circuit that retains the digital value output
from the conversion circuit as a retained digital value,
wherein

the conversion circuit repeats the conversion operation in a
predetermined cycle so that a new digital value is output
after a previous digital value is output,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned ON, the
retaining circuit exchanges the previous digital value
with the new digital value,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned OFF, the
retaining circuit retains the previous digital value, and

the control circuit determines that the retained digital value
is the second target value.

3. The light emitting element drive device according to

claim 1, wherein

the second target value is set based on the voltage value that
is detected by the voltage detection circuit when the
current value is substantially the same as the first target
value.

4. The light emitting element drive device according to

claim 3, wherein

the control circuit further comprises:

a conversion circuit that performs a conversion opera-
tion in which the voltage value is converted to a digital
value; and

a retaining circuit that retains the digital value output
from the conversion circuit as a retained digital value,
wherein

the conversion circuit repeats the conversion operation in a
predetermined cycle so that a new digital value is output
after a previous digital value is output,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned ON, the
retaining circuit exchanges the previous digital value
with the new digital value,
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when the conversion circuit outputs the new digital value
while the dimming switch element is turned OFF, the
retaining circuit retains the previous digital value, and

the control circuit determines that the retained digital value
is the second target value.

5. The light emitting element drive device according to

claim 1, wherein

the second target value is set based on the voltage value that
is detected by the voltage detection circuit immediately
before the light emitting element is turned OFF.

6. The light emitting element drive device according to

claim 5, wherein

the control circuit further comprises:

a conversion circuit that performs a conversion opera-
tion in which the voltage value is converted to a digital
value; and

a retaining circuit that retains the digital value output
from the conversion circuit as a retained digital value,
wherein

the conversion circuit repeats the conversion operation in a
predetermined cycle so that a new digital value is output
after a previous digital value is output,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned ON, the
retaining circuit exchanges the previous digital value
with the new digital value,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned OFF, the
retaining circuit retains the previous digital value, and

the control circuit determines that the retained digital value
is the second target value.

7. A light emitting element drive device, comprising:

a light emitting element;

a power conversion circuit that supplies electric power to
the light emitting element;

a dimming switch element that performs an open/close
operation for a path in which a current flows in the light
emitting element;

a first voltage detection circuit that detects a first voltage
value of a first voltage of an input terminal of the dim-
ming switch element;

a second voltage detection circuit that detects a second
voltage value of a second voltage that is output from the
power conversion circuit; and

a control circuit that performs feedback control, wherein

when the dimming switch element is turned ON, the con-
trol circuit performs the feedback control so as to make
the first voltage value close to a first target value, and the
first target value is a predetermined value,

when the dimming switch element is turned OFF, the con-
trol circuit performs the feedback control so as to make
the second voltage value close to a second target value,
and the second target value is set based on the second
voltage value, and

5

15

20

25

30

40

45

50

16

the second target value is set based on the voltage value that
is detected by the voltage detection circuit while the
dimming switch element is turned ON.
8. The light emitting element drive device according to
claim 7, wherein
the control circuit further comprises:

a conversion circuit that performs a conversion opera-
tion in which the voltage value is converted to a digital
value; and

a retaining circuit that retains the digital value output
from the conversion circuit as a retained digital value,
wherein

the conversion circuit repeats the conversion operation in a
predetermined cycle so that a new digital value is output
after a previous digital value is output,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned ON, the
retaining circuit exchanges the previous digital value
with the new digital value,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned OFF, the
retaining circuit retains the previous digital value, and

the control circuit determines that the retained digital value
is the second target value.

9. The light emitting element drive device according to

claim 7, further comprising

a resistor that is connected to an output terminal of the
dimming switch element, and

an adjustment circuit that adjusts a third voltage applied to

a control terminal of the dimming switch element so as

to make a third voltage value of the third voltage close to

a third target value.

10. The light emitting element drive device according to

claim 9, wherein

the control circuit further comprises:

a conversion circuit that performs a conversion opera-
tion in which the voltage value is converted to a digital
value; and

a retaining circuit that retains the digital value output
from the conversion circuit as a retained digital value,
wherein

the conversion circuit repeats the conversion operation in a
predetermined cycle so that a new digital value is output
after a previous digital value is output,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned ON, the
retaining circuit exchanges the previous digital value
with the new digital value,

when the conversion circuit outputs the new digital value
while the dimming switch element is turned OFF, the
retaining circuit retains the previous digital value, and

the control circuit determines that the retained digital value
is the second target value.
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